Inspired by P c (4380) and P c (4450) recently observed by LHCb, a QCD sum rule investigation is performed, by which they can be identified as exotic hidden-charm pentaquarks composed of an anti-charmed meson and a charmed baryon. Our results suggest that P c (4380) and P c (4450) have quantum numbers J P = 3/2 − and 5/2 + , respectively. Furthermore, two extra hidden-charm pentaqurks with configurationsDΣ * c andD * Σ * c are predicted, which have spin-parity quantum numbers J P = 3/2 − and J P = 5/2 + , respectively. As an important extension, the mass predictions of hidden-bottom pentaquarks are also given. Searches for these partners of P c (4380) and P c (4450) are especially accessible at future experiments like LHCb and BelleII. Introduction.-Exploring exotic matter beyond conventional hadron configurations is one of the most intriguing current research topics of hadronic physics, and these studies will improve our understanding of non-perturbative QCD. With the experimental progress on this issue over the past decade, dozens of XYZ charmonium-like states have been reported, which provide us good opportunities to identify exotic hiddencharm four-quark matter [1] . Facing such abundant novel phenomena relevant to four-quark matter, we naturally conjecture that there should exist hidden-charm pentaquark states [2-6]. In fact, the possible hidden-charm molecular pentaquarks composed of an anti-charmed meson and a charmed baryon were investigated systematically within the one boson exchange model in Ref. [3] . However, the experimental evidence of exotic hidden-charm pentaquark state has been absent until the LHCb Collaboration's recent observations of two hidden-charm pentaquark resonances.
Introduction.-Exploring exotic matter beyond conventional hadron configurations is one of the most intriguing current research topics of hadronic physics, and these studies will improve our understanding of non-perturbative QCD. With the experimental progress on this issue over the past decade, dozens of XYZ charmonium-like states have been reported, which provide us good opportunities to identify exotic hiddencharm four-quark matter [1] . Facing such abundant novel phenomena relevant to four-quark matter, we naturally conjecture that there should exist hidden-charm pentaquark states [2] [3] [4] [5] [6] . In fact, the possible hidden-charm molecular pentaquarks composed of an anti-charmed meson and a charmed baryon were investigated systematically within the one boson exchange model in Ref. [3] . However, the experimental evidence of exotic hidden-charm pentaquark state has been absent until the LHCb Collaboration's recent observations of two hidden-charm pentaquark resonances.
Via the Λ b → J/ψpK process, LHCb observed two enhancements, P c (4380) and P c (4450), in the J/ψp invariant mass spectrum [7] , which shows that they must have hiddencharm quantum number and isospin I = 1/2. Additionally, their resonance parameters are measured, i.e., M P c (4380) = 4380 ± 8 ± 29 MeV, Γ P c (4380) = 205 ± 18 ± 86 MeV, M P c (4450) = 4449.8 ± 1.7 ± 2.5 MeV, and Γ P c (4450) = 39 ± 5 ± 19 MeV [7] . Later, they are studied by using the boson exchange model [8] and the topological soliton model [9] , etc.
In this letter, we give an explicit QCD sum rule investigation to P c (4380) and P c (4450). We shall investigate the possibility of interpreting them as hidden-charm pentaquark configurations composed of an anti-charmed meson and a charmed baryon: P c (4380) can be well reproduced using a [D * Σ c ] structure with quantum numbers J P = 3/2 − , and P c (4450) can be well reproduced using a mixed structure of [D * Λ c ] and [DΣ * c ] with J P = 5/2 + . One notes that the "structure" here means we are using meson-baryon currents having
abc c a q b q c ], where a · · · d are color indices, q represents up, down and strange quarks, and c represents a charm quark. These local currents could probe either a tightly-bound pentaquark structure or a molecular structure composed of an anti-charmed meson and a charmed baryon.
Besides clarifying properties of these two observed P c (4380) and P c (4450) pentaquarks, in this letter we further give theoretical predictions of two extra hidden-charm pentaqurks with configurationsDΣ * c andD * Σ * c , as partners of P c (4380) and P c (4450). After the LHCb's observation [7] , experimental exploration to these predicted hidden-charm pentaquarks will be an intriguing research topic, of interest to both experimentalists and theorists.
Interpretation of observed P c (4380) and P c (4450) states.-As the first step, we briefly discuss how to construct local pentaquark interpolating currents having spin J = 3/2, flavor-octet 8 F , and containing one cc pair. 
The former configuration, [c d c d ][ abc q a q b q c ], can be easily constructed based on the results of Ref. [10] that there are three independent local light baryon fields of flavor-octet and having a positive parity: , and the charmonium fields:c
we can construct the currents containing J = 3/2 components, which are:
as well as their partners having opposite parities, i.e.,
. We note that their parities are a bit complicated and will be discussed later.
Besides J = 3/2 components, these currents can also contain J = 1/2 and 5/2 components. The J = 1/2 components can be safely removed in the two-point correlation functions, which will be discussed after Eq. (20) and so we shall not consider any more; to separate J = 3/2 and 5/2 components, we need to use projection operators. For example, the current
contains both spin J = 3/2 and 5/2 components:
where η of J P = 5/2 + couples well to the combination of J/ψ and proton through P-wave, when their quark contents are ccuud:
In the following we shall use the mixed current containing "Ioffe's baryon current", which couples strongly to the lowestlying nucleon state [11, 12] 
as well as η ccuud 3{µν}
to perform QCD sum rule analyses. However, we shall see that the results are not useful.
Considering that the experimental observed states have masses significantly larger than the threshold of J/ψ and proton, but close to thresholds of D/D , but leave the detailed discussions for our future studies.
We can transform the current η ccuud 12µ using the Fierz transformation (f.t.) and the color rearrangement (c.r.) to be η ccuud 12µ f.t.&c.r.
where
The former one, JD * Σ c µ , seems to contain color-singletD * and Σ c , which structure we denote as [D 
They haveD * Σ * c ,DΣ * c andD * Λ c structures, respectively. In the following, we shall use the method of QCD sum rules [17] [18] [19] 21 ] to investigate η It is important to note that although these pentaquark currents have definite parities (3/2 − and 5/2 + ), they can couple to states of both positive and negative parities, by adding a γ 5 (see discussions in Refs. [13] [14] [15] and especially in Ref. [16] ):
where |B has the same parity as J, and |B has the opposite parity. These equations also suggest that J and γ 5 J can couple to the same state, and so the partners of these currents having opposite parities can also be used, such as γ 5 η ccuud 12µ , but they just lead to the same sum rule results.
In this paper we shall use the non-γ 5 couplings, Eq. (15), and the couplings for JD * Σ c µ and JD * Σ * c {µν} are:
The formulae are similar for η , which we shall not repeat. Then the two-point correlation functions can be written as: 
This difference would tell us the parity of X. We note that the result does not change when using γ 5 JD * Σ c µ and γ 5 JD * Σ * c {µν} having opposite parities. Technically, in the following analyses we use the terms proportional to 1×g µν and 1 × g µρ g νσ to evaluate the mass of X, which are then compared with those proportional to q / × g µν and q / × g µρ g νσ to determine its parity.
We follow Ref. [21] and obtain
where ρ X (s) is the QCD spectral density which we evaluate up to dimension eight, including the perturbative term, the quark condensate, the gluon condensate g 2 s GG , the quarkgluon mixed condensate g sq σGq , and their combinations2 andg sq σGq . The full expressions are lengthy and will not be shown here. We use the values listed in Ref. [21] for these condensates and the charm quark mass (see also Refs. [22] [23] [24] [25] [26] [27] [28] [29] [30] ).
There are two free parameters in Eq. (21): the Borel mass M B and the threshold value s 0 . We use two criteria to constrain the Borel mass M B . One criterion is to require that the dimension eight term be less than 10% to determine its lower limit M min B :
and the other criterion is to require that the pole contribution (PC) be larger than 10% to determine its upper limit M max B :
Altogether we obtain a Borel window M We also perform QCD sum rule analyses using JD * Σ c µ , JD 
will still be important, especially with the running of LHC at 13 TeV and forthcoming BelleII.
